Introduction
Metal-NHC (NHC=N-heterocyclic carbenes) complexes were first reported independently in 1968 by Wanzalic and Ofele and the first stable carbene was isolated by Arduengo et al. in 1991 [1] . Since then, NHCs have proved to be a versatile class of ligands in a wide range of metal catalyzed organic transformations [2] and have gained considerable attention as spectator ligands in organometallic chemistry, especially as alternatives to phosphine ligands in homogeneous catalysis [3] .
The activity and selectivity of NHC complexes as catalysts can be enhanced by a change of the electronic and steric properties of the 1,3-imidazol-2-ylidene substituents. The substituents can also be used to introduce remote functional groups which can be used to immobilize the catalyst on solid support. While organic substituents have been extensively investigated, the ferrocenyl moiety has not enjoyed the same degree of attention. Sterically, the ferrocenyl moiety represents a relatively bulky group with a unique cylindrical shape and electronically, the powerful donor capacity of ferrocene might be advantageous for additional stabilization of the electron-deficient carbene moiety [4] .
N-heterocyclic carbene complexes containing the ferrocenyl moiety were pioneered by Bildstein et al. in 1998 . Since then a number of mono and bidentate ferrocenyl-NHC complexes have been reported, many with or without a spacer between the ferrocenyl and the NHC unit [4] [5] [6] [7] [8] [9] [10] [11] . It was reported that when the ferrocenyl moiety is attached directly to the carbene, there is a substantial electron donation from the carbene to the metal centre compared to those with a spacer in between [4] .
Horvath et al. have reported the synthesis and structural characterization of bis(carbene)gold(I)-ferrocenylphenyl complex [12] . The carbene complex was screened against the human Heal cervix epithelioid carcinoma cell line, CoLo 320 DM, a human colon adenocarcinoma line, the Jurkat leukaemia cell line and the Jurkat leukaemia breast cancer cell line. It was active against Jurkat leukaemia and its activity was higher than that of cisplatin at lower concentrations.
Chiral ferrocenyl-NHC complexes have also been reported by Bolm et al. [7] . They synthesized a chiral N-heterocyclic carbene complex with an oxazolinyl-ferrocenyl substituent linked to rhodium-COD [7] . The compound showed high catalytic reactivity in the hydrosilylation of acetophenone. Chung et al. [13] have synthesized a series of monodentate ferrocenyl-NHC complexes of rhodium and investigated them for catalytic reduction of 4-methylacetophenone. Although this transformation gave high overall yields (>99%), some of the complexes displayed low stereoselectivities. However, a 52% ee was achieved with a chiral C 2 -symmetric N-heterocyclic carbene complex [13] .
In this work, the synthesis and characterization of various ferrocenyl NHC rhodium(I) complexes was carried out successful via the deprotonation of the ferrocenyl imidazolium salt by a base followed by subsequent complexation by the rhodium centre. Moderate to good yield were obtained. The compounds were characterized by NMR, FT-IR, mass spectrometry and a crystal structure of compound 3 was obtained.
Experimental Methods
All reactions, unless otherwise stated, were performed under an inert atmosphere of dry nitrogen. All reagents, except the ferrocenyl imidazolium salts, were purchased either from Sigma-Aldrich or Fluka and were used as received, unless otherwise stated. The ferrocenyl imidazolium salts were prepared by reacting ferrocenylimidazoles with alkyl halides as described previously. Solvents were freshly dried prior to reaction using standard drying procedures and stored over molecular sieves [14] . Melting points were recorded on an Electrothermal IA 900 series digital melting point apparatus and are uncorrected. Infrared spectra were recorded on a DigiLab FTS 3100 Excalibur HE spectrophotometer as KBr disks. C NMR spectra were recorded on a Bruker Avance 300 MHz spectrometer as solutions in CDCl 3 using TMS as an internal standard. Mass spectra were recorded on a VG-70SE mass spectrometer at the University of Witwatersrand in Johannesburg. X-ray analysis was done at the Ludwig-Maximilians University, Munich. 
Bromo

Iodo(η 4 -1,5-cyclooctadiene)(3-butyl-1-ferrocenyl-1H-imidazol-2-ylidene)rhodium(I) (5):
Synthesis of ferrocenyl NHC-rhodium(I) [(NHC)Rh(COD) X] complexes
General procedure: [Rh(cod)Cl] 2 (1.0 eq.) and KOBu t (2.2 eq.) were placed in a two-necked round-bottomed flask on a Schlenk line and THF (20 cm 3 ) was added under an atmosphere of argon, and stirred for 45 minutes at room temperature. To this mixture was added the appropriate imidazolium salt (2.2 eq.). The reaction mixture was stirred for 3 hours at room temperature, filtered and the filtrate concentrated under vacuum. The resulting residue was dissolved in dichloromethane and subjected to column chromatography using silica gel as stationary phase and dichloromethane as eluent. Removal of the solvent under reduced pressure provided the product. 
Bromo(η 4 -1,5-cyclooctadiene)[1-(4-ferrocenylphenyl)-3-propyl-1H-imidazol-2-ylidene]rhodium(I) (9):
Bromo(η
-1,5-cyclooctadiene)[3-benzyl-1-(4-ferrocenylphenyl)-1H-imidazol-2-ylidene]rhodium(I) (12):
X-ray crystallography
X-ray diffraction data for the rhodium-NHC complex 3 was collected on an Oxford Xcalibur diffractometer with graphitemonochromated Mo Kα radiation at 173 (2) K. The collection method involved ω-scan of width 0.3°. Data collection, data reduction and refinement were performed with the program CrysAlisPro [15] . The crystal structures were solved by direct method, using the program SHELXS-97 [16] . Crystal structure refinement was carried out by SHELXL-97 [16] . Molecular graphics were generated by ORTEP-3 for Windows [17] and Mercury [18] [19] [20] [21] .
Results and Discussion
We have synthesized a series of ferrocenyl-NHC-Rh(I)(COD) (X) carbene complexes from appropriate ferrocenylimidazolium salts and [Rh(COD)Cl] 2 . The in situ deprotonation of the imidazolium salt with a base, and trapping the carbene with rhodium(I), was the synthetic route employed in the formation of the NHC complexes in this study. The dimeric chloro-bridged rhodium complex [Rh(COD) Cl] 2 , KOBu t , and the corresponding imidazolium salts in THF under argon were stirred for 3h at room temperature. The resulting solution was concentrated and chromatographed on a column (silica gel, dichloromethane), affording the Rh-NHC complexes in good to excellent yields (Scheme 1).
The Rh-NHC complexes were characterized using IR, 1 H NMR, 13 C NMR, mass spectrometry and X-ray crystallography. There was a small difference in their chemical shift values which may be due to the presence of the spacer group between the imidazol-2-ylidene and ferrocene. In the absence of the spacer, the protons were shifted more upfield, implying some deshielding. However, this shift is insignificant, since the linking system is conjugated and a large chemical shift difference is not expected. [2] iii) R= Pr, X = Br 52%
[3] iv) R= i-Pr, X= Br, 73%
[4] v) R = Bu, X = I, 83%
[5] v) R= Bn, X = Br, 92%
[6]
THF, rt. 3h i) R= Me, X = I, 88%
[7] ii) R= Et, X = I , 72%
[8] iii) R= Pr, X = Br, 91%
[9] iv) R= i-Pr, X= Br, 85%
[10] v) R = Bu, X = I, 89%
[11] v) R= Bn, X = Br, 75% The crystal structure of the rhodium complex 3 ( Figure 1 ) was obtained with a single crystal grown from a mixture of dichloromethane and toluene. The ORTEP diagram of the molecule, showing its atomnumbering scheme, is shown in Figure 1 . The complex crystallizes in the monoclinic space group P2 1 /n with Z = 4. Least-squares refinement of the structure gave a final R factor of 0.0331. Details of crystal and structure refinement data are summarized in Table 2 , while selected bond angles, bond lengths and torsion angles are listed in Table 1 .
The structure exhibits a square planar geometry around the Rh(I) centre, with the imidazolylidene ring nearly perpendicular to the coordination plane as deduced from the torsional Br ( The X-ray determination of 3 was also useful as it reveals substitutional disorder of the bromine and chlorine atom on Rh(I) in the ratio of 0.96/0.04. The disorder arises from the reactants employed in the synthesis of Rh-NHC complex, 1-ferrocenyl-3-propyl-1H-imidazolium bromide and [Rh(COD)Cl] 2 which contained the bromide and the chloride atoms respectively. The packing diagram of 3 ( Figure 2) shows that the molecules are arranged in a head-tohead conformation in the unit cell. The synthesis of an array of news ferrocenyl NHC complexes of rhodium (I). It is worthwhile to note that the yield of the compounds did not follow any particular pattern or depended on the substituent groups present. The simplicity, efficiency and milder conditions of this method makes it the synthetic route of choice for these reactions. Table 2 : Crystal data and structure refinement for compound 3.
Conclusion
Novel ferrocenylimidazol-2-ylidene-rhodium complexes have been synthesized from ferrocenylimidazolium salts and [Rh(COD) Cl] 2 . These carbene complexes have been characterized by IR, NMR, mass spectrometry and X-ray crystal structure analysis. The use of an in situ deprotonation method and trapping the resultant carbene with the rhodium metal centre proved efficient and straightforward.
Supplementary Material
CCDC 764293 contains the supplementary crystallographic data for compound 3. The data can be obtained free of charge
